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ATISFACTORY television 


transmission requires a_ very 

wide band of frequencies. Ac- 
cording to present indications a width 
of several million cycles will be em- 
ployed for ordinary commercial broad- 
casts and such a great spread of radio 
frequencies—wider than the total 
band now set aside for broadcasting 
sound programs—can be made avail- 
able only in the ultra-high frequency 
part of the radio spectrum. The area 
of satisfactory reception from an ultra- 
high frequency broadcast transmitter 
is comparatively small. In order to 
reach a large audience simultaneously 
the same program therefore would 
have to be broadcast from a number of 
stations all connected together. A 
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similar scheme is employed in the 
broadcasting of sound programs at 
the present time, but with television 
a greater number of stations than is 
now used in the sound programs would 
probably be involved. 

As part of the general program of 
developing the broad-band systems 
for wire-line communication service, 
the Laboratories have accordingly 
been studying the problem of trans- 
mitting television signals. Such trans- 
mission over wire lines was first dem- 
onstrated in 1927* but the frequency 
band employed at that time was only 
a little over 20 kc wide, which was 
narrow enough to permit the use of 
existing types of circuits and methods. 
With bands several thousands of kilo- 
cycles wide as now proposed for com- 
mercial television a radically different 
system is required. 

Because of the necessity of reducing 
outside disturbances to a minimum, a 
shielded circuit seemed desirable, such 
as the coaxial conductor now in- 
stalled} between New York and 
Philadelphia. The original equipment 
of this cable provided for the trans- 
mission of a band about a million 
~ *Recorp, May, 1927, p. 297. 

tRecorp, May, 1937, p. 274. 
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cycles wide, and although this was 
somewhat narrower than the band that 
would be required to transmit the type 
of television images now proposed, it 
seemed desirable to provide the neces- 
sary terminal apparatus and circuits for 
television transmission over this line as 
a first step in an orderly process of de- 
velopment aimed at higher quality lines 
for commercial television networks. 

Although television implies the 
transmission of an actual scene, it is 
much more satisfactory for engineer- 
ing studies to transmit a motion pic- 
ture, since exactly the same picture 
can then be transmitted over and over 
again as the circuit elements are 
changed or adjusted. Moreover, it was 
decided to use mechanical scanning 
to obtain the most nearly perfect sig- 
nal possible, and with this form of 
scanning a film rather than an actual 
scene gives much better results. Be- 
cause of these various factors a mo- 
tion picture film was employed as the 
material for the recent experiments. 

The film is “scanned” by passing a 
beam of light across it in successive 
rows one below the other. The smaller 
this pencil of light and thus the greater 
the number of lines required to cover 
the picture, the finer will be the detail 
that can be transmitted and the 
higher will be the upper frequency 
required. Besides this very high fre- 
quency, determined by the finest 
detail to be transmitted, other compo- 
nents over the whole frequency range 
down to zero will be required to re- 
produce the larger areas of light and 
shade in the picture. The direct- 
current, or zero-frequency, compo- 
nent controls the general level of 
brightness of the picture, and where 
this changes slowly, it results in a 
component of very low frequency. 
The scanning arrangement used for 
the recent demonstration provided 
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for a picture of 240 lines, which for the 
shape of picture used, a square scan- 
ning beam, and twenty-four frames 
per second results in an upper fre- 
quency of 806 kc, and other compo- 
nents over the entire frequency band 
from 0 to 806 kc. 

For scanning the picture a six-foot 
disk was employed with a circle of 240 
holes near its outer edge. The ar- 
rangement is indicated schematically 
in Figure 1, and a photograph of the 
scanning apparatus is shown in Fig- 
ure 2. Each hole has a lens mounted 
in it, and light from a powerful incan- 
descent lamp behind the disk, passing 
through one hole at a time, is focussed 
by the lens to form on the film a small 
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Fig. 1—Schematic representation of the 
scanning arrangement at the sending end 
of the television system 


dot of light about three thousandths 
of an inch square. The lenses in the 
disk are spaced by a distance equal to 
the width of the picture, or a little less 
than an inch, and as the disk rotates, 
each spot is moved rapidly across the 
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Fig. 2—The scanning apparatus used for the recent 
television demonstration was developed under the 


direction of H. E. Ives 


picture. The film is carried at a uni- 
form rate downward behind the disk 
at such a speed that the successive 
holes throw their light in successive 
rows across the picture one below an- 
other. A_ photosensitive surface 
mounted behind the film picks up the 
light transmitted through it, and pro- 
duces a complex electric current cor- 
responding to the variations of light 
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which appear in the picture. 

No small factor in the suc- 
cess of the recent demonstra- 
tion was the cathode-ray tube, 
designed by C. J. Davisson 
and used at the receiving end 
to display the transmitted pic- 
ture. Some of the features of 
this tube are indicated sche- 
matically in Figure 3, and the 
tube itself is shown in Figure 
4. A stream of electrons from 
the cathode of this tube passes 
through a series of electron 
lenses which focus a narrow 
beam on a square aperture. 
Between the lenses and the 
aperture, however, are two 
modulating plates connected 
to the incoming circuit in such 
a way that there appear on 
these plates potentials propor- 
tional to the voltage of the in- 
coming signals. The effect of 
potentials on these plates is to 
deflect the electron beam, and 
the conditions are such that at 
maximum strength of signal practi- 
cally the entire stream of electrons 
passes through the hole and forms a 
brilliant spot of light on the front of 
the tube. As the signal decreases in 
strength, the electron stream is more 
and more deflected; so that fewer elec- 
trons pass through the aperture, and 
the illumination on the sensitized end 
of the tube decreases. 


Fig. 3—Schematic representation of the cathode-ray equipment at the receiving end 
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In addition to these modulating 
plates, and placed between the aper- 
ture and the front of the tube, are two 
other pairs of plates mounted in 
planes at right angles to each other. 
The potential on one of these sets of 
plates, controlled by a frequency of 
5760 cycles, which is the frequency at 
which successive lines are scanned, 
varies in such a way that the beam of 
electrons passing through the aper- 
ture is swept across the front of the 
tube from left to right, exactly in 
synchronism with the scanning beam 
at the sending end. After the beam 
reaches the farther side of the picture, 
the potential on the plates is suddenly 
changed, and the beam is rapidly 
moved back to begin the next line. 
Due to a black mask down the far side 
of the film being scanned, there is no 
signal during this very short period 
while the voltage on the plates is 
changed, and thus the electron beam 
is deflected from the aperture and is 
not visible on the front of the tube 
during its return. 

The potential on the other pair of 
plates is controlled at a frequency of 
twenty-four cycles per second, which 
is the rate of scanning successive 
frames. The effect of the potential on 
these plates is to deflect the electron 
beam downward in synchronism with 
the motion of the film at the sending 
end. This results in the passage of the 
electron beam across the front of the 
tube in successive rows, one below 
another. After the last row has been 
scanned, the voltage on the plates is 
changed and returns to the value that 
causes the beam to appear at the top 
line of the tube. A properly syn- 
chronized blanking-out pulse is intro- 
duced between successive frames of 
the film, so that no signal is received 
during this interval, and thus the 
passage of the electron beam from the 
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bottom to the top of the frame is not 
visible. 

The sharpness of the image over the 
entire field and the wide range of 
brightness secured is due to the su- 
perior design of this cathode-ray tube. 


Fig. 4—The cathode-ray receiving tube 

used for the recent television demonstration 

held by C. F. Calbick who took an active part 
in its design 


The chief factors are the sharp focus- 
sing by the electron lenses, the linear 
deflection of the beam at the aperture, 
and the great length of the tube, which 
makes it necessary to deflect the elec- 
tron beam over only a narrow angle 
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to cover the seven by eight inch field. 
Since this trial was a test to determine 
the capabilities of the coaxial system, 
such matters as size and cost, which 
would be important with commercial 
receivers, were not controlling. 

The coaxial cable system used could 
not transmit the frequency band from 
© to 806 kc, because repeaters were 
not designed to pass frequencies be- 
low about 60 kc. This limitation was 
incorporated in the original design be- 
cause the cable offers insufficient 
shielding to various disturbances at 
low frequencies. It was necessary, 
therefore, to raise the television band 
to a higher frequency position for 
transmission over the line. A number 
of considerations led to the decision 


to raise the upper frequency to 950 ke 
for transmission over the coaxial 
cable, which required raising the en- 
tire frequency band 144 kc. 

Where such a frequency band is to 
be raised by an amount less than the 
width of the band itself, a single mod- 
ulation is not generally satisfactory. 
The products of modulation include 
the original frequency band as well as 
the upper and lower sidebands, so 
that there will always be a confusing 
jumble of frequencies in the modu- 
lator output unless the modulating 
carrier is greater than the highest fre- 
quency of the band by at least the 
width of the band. For this reason a 
system of double modulation was used 
for the recent experiments. 
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Fig. s—Modulating and demodulating scheme for the recent television transmission, 
beginning with the first modulation at New York, above, and ending with the second 


demodulation at Philadelphia, below 
192 


February 1938 


120 950 1570 3470 
2352 2400 
; 2376 
806 


Fig. 6—Photographs of the receiving tube during transmission. In the tennis match 
the ball itself shows and its movement could be followed. The race horse is interesting 
because of the way the half-tones were reproduced 


The modulating scheme employed 
can be followed with the help of Fig- 
ure 5, which shows the two modulat- 
ing steps at the sending end and the 
two demodulating steps at the receiv- 
ing end in four lines beginning at the 
top. A carrier of 2376 kc is used for the 
first modulation, which results in a 
lower sideband from 1570 to 2376 kc 
and an upper sideband from 2376 to 
3182. The carrier itself is eliminated 
in the balanced modulator. The out- 
put of this modulation is passed 
through a filter, but because the two 
sidebands touch each other at 2376 
ke, the filter cannot cut off all the 
upper sideband. At the output of the 
filter there is thus the lower sideband 
plus a small amount of the lower part 
of the upper sideband. The upper side- 
bands from all subsequent modula- 
tions are readily eliminated by the 
following filters because of the wide 
separation. 

The carrier for the second modula- 
tion is 2520 kc, and the lower side- 
band extends from 950 down to 144 kc 
plus the vestigial upper sideband re- 
maining from the first modulation, 
which extends below 144 kc. The 
lower edge of the filter following this 
modulation is accurately designed to 
attenuate slightly a group of frequen- 
cies just above 144 ke and to pass 
with controlled attenuation the vesti- 
gial upper sideband, which then ex- 
tends from 144 to about 120 kc. The 
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resulting single sideband, extending 
from 120 to 950 kc, is then passed over 
the coaxial cable to Philadelphia. 

Here the transmitted band, to- 
gether with a carrier of 2520 kc, is ap- 
plied to the first demodulator, and the 
lower sideband, from 2400 down to 
1570, is passed to the second demodu- 
lator where a carrier of 2376 kc is ap- 
plied. The lowest frequency of the 
lower sideband, 1570 kc, is converted 
to 806 kc, becoming the highest fre- 
quency of the final demodulated band. 
The frequencies from 2352 to 2400 ke 
of the sideband before the second de- 
modulation are somewhat attenuated 
as a result of the filter following the 
second demodulator, and the second 
demodulating carrier, 2376 kc, falls in 
the middle of this attenuated band as 
shown in inset No. 1. Frequencies ex- 
tending about 24 kc above the carrier 
are inverted by the demodulation, and 
superimposed upon the corresponding 
frequencies just below the carrier. The 
magnitude and phase of these com- 
ponents are proportioned by the 
filter and equalizer so that the overall 
result, when they are superimposed, 
is an essentially flat transmission band 
from 0 to 806 ke. 

Besides this carefully planned mod- 
ulating and demodulating arrange- 
ment at the terminals, it was neces- 
sary also to provide networks and 
equalizers to insure that the coaxial 
line did not distort the ultimate 
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image due to unequal attenuation, 
resulting in amplitude distortion, or 
to unequal time of transmission, caus- 
ing phase distortion. The actual at- 
tenuation characteristics of the line, 
the line plus repeaters, and the overall 
result are shown in Figure 7. 

The attenuation requirements are 
not particularly severe, but those for 
phase distortion are difficult to meet. 
The details in the scanned picture re- 
sult in the various frequencies of the 
electrical signal, and if these details 
are to appear in the reproduced pic- 
ture in the same relative position as 
in the scanned picture, it is essen- 
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Fig. 7—Attenuation of the coaxial circutt 
between New York and Philadelphia as ar- 
ranged for the television experiments 


tial that all frequencies be received 
in very closely the same relative 
time relationship as they were gen- 
erated. Theoretical analysis does not 
lead to any well defined require- 
ments, but consideration of certain 
factors led to the decision to hold fre- 
quencies between 806,000 and 5760 
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cycles to a delay of about 0.3 micro- 
second, and frequencies below 5700 
cycles to a delay of about forty micro. 
seconds. The actual circuit roughly 
met these requirements as indicated 
by Figure 8, which shows the phase 
delay duareenatiatins of the line, re- 
peaters and equalizers, and of the 
overall circuit including the phase 
equalizers. 

Noise or interference is very annoy- 
ing in television transmission; and 
pattern, or single-frequency inter- 
ference, is particularly objectionable. 
The permissible noise or interference 
depends on the amplitude range of the 
reproduced picture. During these ex- 
periments, it was found that a sub- 
stantially linear response could be 
obtained over a current range of 30 
db—corresponding to a_ brightness 
range of 15 db. The actual range of the 
reproduced pictures extended some- 
what beyond the range of linear re- 
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Fig. 8—Phase delay of the coaxial circuit 
during the recent experiments 
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sponse. It was found 
desirable to hold ran- 
dom interference down 
about 40 db below the 
maximum signal, and 
pattern interference 
down at least 15 db 
more. 

The terminal equip- 
ment besides providing 
modulators, amplifiers, 
filters, and equalizers, 
must also provide for 
the generation of the 
two modulating carri- 
ers accurately spaced. 
This is accomplished 
by deriving all carriers 
from a 4000-cycle ref- 
erence frequency at the 
transmitting end. From 
this source a 72-kc fre- 
quency is first obtained, and is then 
used for deriving the modulating car- 
riers of 2376 and 2520 kc through har- 

monic generators. The same 72-kc fre- 
quency is also transmitted over the 
coaxial line to Philadelphia, where ex- 
actly synchronous carriers are derived 
from it for demodulating. These are 
adjusted for phase manually by ob- 
serving the picture. To synchronize 
the scanning arrangements at the 
sending and receiving terminals, a fre- 
quency corresponding to the speed of 
the scanning disk is also transmitted. 
The appearance and arrangement of 
the terminal apparatus is shown in 
Figure 9. 

Many of the engineers who worked 
on the system, and outside experts who 
observed it, expressed the opinion that 
the reproduced pictures in Philadel- 
phia were substantially the same as 
those seen on a similar receiving de- 
vice in New York, thus showing that 
the cable system itself introduced no 
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Fig. 9—Modulating terminal equipment at the New York 
end of the coaxial circuit 


appreciable distortion. The opinion 
was also expressed that in spite of the 
use of only 240 lines, the pictures 
were remarkably clear and distinct. 
The photograph at the head of this ar- 
ticle shows the end of the reproducing 
cathode-ray tube at Philadelphia, with 
C. L. Weis monitoring. The actual il- 
lumination on the tube was of such low 
intensity that it was difficult to secure 
photographs in the time interval of 
one frame. The tennis match scene 
shown here, however, is an actual 
photograph of the end of the tube, 
although not taken under the condi- 
tions shown. 

These experiments have proved 
that a wide-band signal of the type re- 
quired for television can be satisfac- 
torily transmitted over a coaxial sys- 
tem. Work is already under way on 
repeaters and terminal apparatus for 
transmitting wider bands of fre- 
quency to meet the standards now en- 
visioned by the television industry. 
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Transmission Characteristics of the Coaxial 


Structure 
By J. F. WENTZ 


Transmission Development 


HE very earliest telephone lines 

consisted of only one wire with 

the earth asa ground return. It 
was soon discovered, however, that 
not many such lines could be operated 
simultaneously in the same _neigh- 
borhood. The large separation be- 
tween the wire on a pole and its ground 
return formed a large loop which was 
ideal for transferring energy to other 
similar loops by induction. In addition 
the voice currents from all such 
grounded circuits flowed in the com- 
mon ground which also tended to in- 
crease the crosstalk between them. By 
using another nearby wire for the re- 
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turn path of each circuit, most of this 
trouble disappeared. Since then un- 
grounded or metallic-return circuits 
have been employed almost exclu- 
sively, either as open-wire lines on 
poles or as paper insulated pairs in 
cables. With the coaxial structure,* 
however, which has been tried out 
experimentally between New York 
and Philadelphia, the outer conductor 
is grounded; and thus on a circuit 
carrying a far wider range than the 
early voice-frequency circuits there is 
a reversion to the grounded circuit 
that proved so impracticable. 

~ *REcorD, Fune, 1937, Pp. 325. 
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This anomalous situation is ex- 
plained by the peculiar nature of the 
coaxial structure. The fact that the 
outer conductor is grounded does not 
mean that the return current of the 
circuit passes through the ground, and 
thus over the same path as the return 
of adjacent circuits. The reason for 
this is the phenomenon commonl 
known as ‘“‘skin effect,’ which has 
more and more influence as the fre- 
quency becomes higher. Skin effect is 
an inductive reaction that—as the 
name implies—causes the current to 
flow in the skin or near the surface of 
a conductor. With an ordinary circuit 
consisting of round wires, this means 
that the current tends to avoid the 
center of the wire and flows mostly in 
the outer layers. At very high fre- 
quencies it flows in a very thin surface 
layer or skin of the conductor. 

In the coaxial circuit, the current 
flows largely in the outer skin of the 
central conductor and along the inner 
surface of the outer conductor. Even 
though the outer conductor is 
grounded, therefore, there is no ap- 
preciable mingling of the return cur- 
rents of two adjacent 
conductors if the fre- 


These induced currents are physically 
in the same conductor as the return 
currents of the coaxial circuit but are 
electrically separated from them by the 
intermediate metal of the outer con- 
ductor. The higher the frequency the 
greater will be the separation between 
the signal and the disturbing currents. 
At very high frequencies, as a result, 
the signal currents of the coaxial 
structure are almost completely iso- 
lated from the disturbing currents. 

The interference in a telephone cir- 
cuit from other similar circuits is 
known as crosstalk, and the effective- 
ness of the coaxial circuit in eliminat- 
ing it at high frequencies is indicated 
by Figure 1, which shows the relative 
crosstalk coupling between ordinary 
cable pairs not individually shielded, 
and between two coaxial structures in 
the same sheath. It represents the 
ratio of the output of a disturbing 
circuit to the output of a disturbed 
one of the same type when the for- 
mer and the latter are measured at 
the same end. With a rising cross- 
talk characteristic, as in existing cable, 
a frequency would be reached sooner 


adjacent structures. 
Furthermore, in the 
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case of lightning and 


power line interference, 
the currents induced 


are, by the same skin 
effect, forced to flow on 
the outside surface of 
the outer conductor. 
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Fig. 1—Typical crosstalk values for ten miles of nineteen- 
gauge cable pair and the coaxial structure 
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Fig. 2—Typical attenuation values per mile 
for nineteen-gauge cable pair, open-wire 
lines, and the coaxial structure 


or later where the disturbances _ be- 
come so great as to cause impair- 
ment of secrecy; but with a falling 
characteristic, as exists with the 
coaxial structure, the higher the fre- 
quency, the smaller becomes the 
chance of secrecy impairment. This 
shielding effect of the outer conductor 
makes the coaxial structure particu- 
larly suitable for the transmission of 
very high frequencies. Long before 
the top frequency of the present fre- 
quency band is reached, the crosstalk 
volume drops below the level of the 
thermal noise from the cable itself, 
and is thus always below the require- 
ments for very quiet circuits. 

The other transmission character- 
istics of the coaxial structure are not 
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so unusual as the shielding, and de- 
pend primarily on the size and relative 
spacing of the conducting elements, 
The attenuation for the coaxial struc. 
ture in db per mile is shown in com- 
parison with the equivalent values for 
typical cable and open-wire circuits 
in Figure 2. The values are roughly 
proportional to the size of the con- 
ductor employed, which for the cable 
pair is 0.036 inch, for the coaxial is 
0.072 inch, and for the open-wire line 
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Fig. 3—Resistance and conductance factors 
for the coaxial structure 
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is 0.165 inch. This attenua- 
tion in terms of the four 
primary constants of the cir- 
cuit is given very closely by 
the expression, 


Ly 
a = 4.343(R 


in db per mile, 


VELOCITY OF PROPAGATION 
IN MILES PER SECOND 


which is a part of the solu- 
tion of the differential equa- 
tion of transmission. 

The largest contribution to 
the attenuation is the resist- 
ance, R. Due to the skin effect 
it increases with frequency, and at 
1,000 ke is many times the d-c value. 
The conductance, G, sometimes 
called the leakance, acts as though 
the insulators were resistance shunts 
across the line. In the equation above, 
the conductance factor that causes 
attenuation is G(L/c) and is equivalent 
to a resistance that absorbs the same 
amount of power as the insulators. In 
the coaxial structure it is only a few 
per cent of the conductor resistance. 
Values for both, over the frequency 
range involved, are shown in Figure 3. 
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Fig. s—Velocity-frequency characteristic for the 


coaxial structure 


Values of the capacitance, c, and 
inductance, L, are given in Figure 4 
for the same range of frequencies, but 
as is evident from the formula, it is 
the ratio of these two factors rather 
than their absolute values that is of 
importance so far as attenuation is 
concerned. It is the ratio of these two 
factors that also determines the char- 
acteristic impedance of a long cable, 
which is the impedance it offers to a 
steady frequency applied at one end. 
The expression for the characteristic 
impedance is also obtained from the 

transmission equation, and is 


INDUCTANCE 


w 


found to be Z,= ve ohms. It 


is practically a pure resist- 
ance, although actually there 


MILLIHENRYS PER MILE 
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is a slight capacitance com- 
ponent at the lowest frequen- 


~ 


cies we use. 


CAPACITANCE 


The velocity of propagation 
over the coaxial cable may also 


be calculated from the trans- 
mission equation, and turns out 
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Fig. 4—Inductance and capacitance characteristics 


for the coaxtal structure 
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to be ag Again L and c 
1000 
are the important factors, but 
this time as a product. If the 
capacitance were air alone, 
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Fig. 6—A field test being made of the coaxial cable 


after it was installed 


without any insulators, and if the con- 
ductors were very thin cylinders, the 
velocity for all frequencies would be 
equal to that of light, or about 186,000 
miles per second. Actually the insula- 
tors used add about thirteen percent to 
the capacitance, and the conductors 
are so thick that they add from two to 
fourteen per cent to the inductance. 


Thus, the velocity varies from 
163,000 to 173,000 miles per 
second as shown in Figure <s, 
The difference in the time of 
transmission of different fre- 
quencies is called delay distor- 
tion. It is not very large over 
one of the 4,000-cycle bands 
used as a voice channel, and 
causes no distortion in speech 
that the ear can detect. Over 
a very wide band, however, 
such as was used for the trans- 
mission of television, the de- 
lay distortion amounts to a 
fraction of a microsecond in 
every mile, and if not cor- 
rected produces a distortion 
that the eye can detect. For 
our television demonstration 
special apparatus was con- 
structed to measure this dis- 
tortion so that equalizers 
could be built to correct it. 
All of these characteristics 
were calculated before thecable 
was actually manufactured, 
but measurements of the pri- 
mary constants were also 
made during manufacture, in the 
laboratory, and in the field after the 
cable was laid. A laboratory test 1s 
pictured in the photograph at the 
head of this article, and a field test, 
using a special truck equipped for 
the purpose, is shown in Figure 6. 
Measurements made after installation 
check the calculated values closely. 


Bound copies of Volume 15 of the Recorp (September, 1936, 
to August, 1937) are now on sale at $3.50—foreign postage 
50 cents additional. Remittances should be addressed to 
Bell Laboratories Record, 463 West Street, New York 
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An Anti-Static Loop for Aircraft 


By J. E. CORBIN 
Radto Development Department 


IRWAY radio beacons and 
other radio aids to safe air 
travel increase in their useful- 

ness and importance as the flying con- 
ditions become poorer. Unfortunately, 
however, rain, snow, sleet, or thick 
dust clouds sometimes produce a 
“static” disturbance that makes re- 
liable radio reception impossible just 
at those times when it is most needed. 
This interfering effect, called ‘‘rain 
static,” is apparently caused by the 
high potential charge picked up by 
the surface of the plane and the an- 
tenna from the charged particles in 
the air. 

It has been found that this rain 
static can be considerably reduced by 
using a shielded loop antenna. In the 
interest of safe flying, therefore, a 
shielded loop antenna, shown in Fig- 
ure 1, has been designed for airplanes 
to be used with weather and beacon 
radio receivers instead of the usual 
rod or wire antenna when the rain 
static becomes objectionable. Ad- 
vantage has been taken of the non- 
uniform field pattern of the loop to 
make the new antenna available for 
direction finding as well, and in 
recognition of this use it has been 
called the “‘6004A Radio Compass 
Antenna Outfit.” 

What was particularly desired was 
to secure a simple and inexpensive 
loop that could be readily adapted to 
the radio receiver, and be “gang 
tuned”’ with it. Loops in the past have 
been wound with many turns so as to 
secure as large an induced voltage as 
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possible, and as a result have had a 
high impedance. The new loop is 
unique in that it is wound with a 
relatively few turns, which results in a 
correspondingly low impedance. This 
permits mounting it at a distance 
from the radio receiver, connection be- 
tween the two being made by a con- 
centric transmission line. The usual 
high-impedance loop is mounted very 
close to the radio receiver with which 
it is to be used. 

A step-up transformer for matching 
the low impedance of the loop and 


Fig. 1—One of the new Western Electric 
anti-static loops mounted beneath the wing 
of an air transport plane 
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transmission line to the high imped- 
ance of the antenna circuit of the radio 
receiver is mounted in or adjacent to 
the radio receiver. By adjusting the 
secondary inductance of this trans- 
former, the impedance of the loop- 
circuit may be made to agree with 
that of the regular antenna at all fre- 
quencies in the band. The loop may 
therefore be used interchangeably 


the axis of the loop makes with the 
center line of the plane. This dial is 
calibrated to read up to 180 degrees in 
each direction from the neutral point, 
The pilot determines the bearing by 
rotating the loop until no signal is 
heard in the head phones, and then 
reading the setting of the pointer on 
the control unit. The receiver js 
normally operated without automatic 

volume control when 

taking a bearing so as 

to increase the sensi- 


-- tivity of the null in- 
dication. 

Since the loop must 
be mounted on the out- 
side of the plane where 
it is exposed to severe 
weather conditions, it 


MA 
Vv 


Fig. 2—Circuit arrangement used with the anti-static loop 


with the regular antenna, no supple- 
mentary tuning arrangements being 
required. 

Since the loop is to be added to the 
existing equipment of the plane, a 
switch is provided to transfer the re- 
ceiver from the loop to the open-wire 
antenna as desired. The circuit ar- 
rangement is shown in Figure 2. 
Twenty or more feet of transmission 
line may be used with only a small 
transmission loss. 

To assist in its use as a direction 
finder, the loop is equipped with a 
remote-control worm drive; and a 
dial, calibrated in degrees, is used at 
the control point to indicate the angle 


has been made moist- 
= ure proof by placing 
the winding in an im- 
pregnated fabric cover. 
This structure is then 
coated with a non-corrodible metal to 
provide the electrostatic shielding. 
This assembly is clamped into a 
mounting, and connection is made to 
one side of the loop through a jack and 
plug to facilitate removing the loop. 
The other terminal of the loop is 
grounded. 

With this simple but effective 
equipment, the pilot will be able to 
hear his weather and beacon signals 
under conditions that would other- 
wise result in their being lost in a con- 
tinuous roar of noise. By the use of 
this anti-static loop, therefore, the 
usefulness of his radio receiving equip- 
ment will be considerably increased. 
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News of the Month 


INTERNATIONAL COMMUNICATION 
CONFERENCE IN Eoypt 


F. B. JEwetr and Lloyd Espenschied 
have gone to Cairo, Egypt, to attend an 
international conference which will con- 
sider various phases of telephone, tele- 
graph and radio operations on an inter- 
national basis. Also attending will be 
C. O. Bickelhaupt and F. M. Ryan of the 
A. T. and T. Company and L. F. More- 
house and G. C. Barney from London. 

The fundamental objective of the pres- 
ent meeting, like those which have pre- 
ceded it at intervals during the past sixty 
years, is to establish binding agreements 
among the sovereign powers which will 
facilitate communication development. 


New Type-C CarriER SYSTEM IN 
COMMERCIAL SERVICE 


The testing work involved with the 
field trial of the new three-channel open- 
wire carrier-telephone system (Type-C) 
which has been under way between Char- 
lotte and Atlanta since August was com- 
pleted on the first of December. The sys- 
tem was placed in trial commercial 
service and has been performing satis- 
factorily. The distance between Charlotte 
and Atlanta is approximately 250 miles 
and a single intermediate repeater was 
required at Greenville, South Carolina. 

The system incorporates the recently 
designed terminal equipment (C-5) and a 
repeater (C-1). The equipment employs 
heater-type tubes, copper-oxide modu- 
lators and makes use of the feedback type 
of amplifier at both terminal and repeater 
points. A completely automatic regulat- 
ing system is made an integral part of 
both terminals and repeaters. 

Members of the Laboratories who took 
part at various points along the line dur- 
ing the course of the trial installation 
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were J. W. Beyer, H. S. Black, G. W. 
Cowley, B. A. Fairweather, W. F. Kan- 
nenberg, J. G. Kreer, E. H. Perkins and 
H. J. Wallis of Systems Development; 
and H. W. Evans, N. Monk, L. R. Mont- 
fort and J. T. O'Leary of the Trans- 
mission Development Department. 


CoLLoQuiIUM 


W. SHock.ey spoke on the subject 
Electronic Structure of Atoms and Crystals 
at the December 6 meeting of the Collo- 
quium. He discussed the quantum- 
mechanical theory of free atoms and of 
certain types of crystals. The structure of 
the atom was also described with the aid 
of a mechanical model designed to show 
how quantization and electron spin ex- 
plain the periodic table of the elements. 

At the December 20 meeting, Dr. H. H. 
Lowry, Director of the Coal Research 
Laboratory of Carnegie Institute of Tech- 
nology and formerly a member of the 
Laboratories, talked on Some Aspects of 
the Chemistry and Utilization of Coal. The 
work of the Coal Research Laboratory on 
fundamental problems relating to com- 
position of coal and its thermal decom- 
position has received wide recognition. 
This work was described, together with a 
brief outline of the physics and chem- 
istry involved in the combustion, car- 
bonization and hydrogenation of coal. 
Dr. Lowry has recently returned from a 
trip around the world, visiting labora- 
tories in which research on coal is being 
conducted, and he described some of the 
recent developments in the preparation 
of motor fuels from coal. 


News Notes 
Dr. JEweErTT, at a meeting of the Ameri- 
can Institute held in New York City on 


December 14, spoke on The Challenge to 
Organized Research. 
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W. H. Douerry and H. A. REIsE were 
at Vercheres, Quebec, in connection with 
the installation by the Northern Electric 
Company of a so0-kilowatt radio broad- 
casting equipment at Station CBF for the 
Canadian Broadcasting Corporation. This 
equipment, developed in the Labora- 
tories, is the first to be put into service 
utilizing the new Doherty high-efficiency 
amplifier circuit. 

ALUMINUM WELDING was discussed at 
Kearny by W. W. Werring, L. E. Abbott 
and R. Nordenswan. 

F. W. Cunntncuam has been elected a 
director of the Institute of Radio Engi- 
neers to serve for the next three years. 

J. F. Morrison and R. H. Linpsay 
spent several days at Syracuse making 
field strength measurements at Station 
WFBL. Mr. Morrison also visited 
Providence to make final adjustments to 
the directive antenna array and field 
intensity measurements to verify its 
energy distribution pattern. 

E. P. Fetcu demonstrated the use of 
oscillographs before the Men’s Club of 
the Ogden Memorial Church, Chatham. 

THE MANUFACTURE of subscriber-sta- 
tion and central-office cords was discussed 
by H. H. Glenn, C. A. Webber, R. T. 
Staples and H. H. Staebner with engineers 
at the Point Breeze plant. 

J. E. Rances spent a week at the 


H. H. Lowry, guest speaker before the Colloquium on Decem- 
ber 20 and a former member of the Laboratories, visits 


R. M. Burns in his office 
[ii] 


Western Electric Company in Hawthorne 
in connection with the approval of tool- 
made samples of coil cases for toll, 
exchange area and Type-J carrier loading, 

R. A. Mivver and V. M. Cousins were 
in Boston during the latter part of Decem- 
ber to attend conferences held in connec- 
tion with activities for the U. S. Navy, 
Mr. Miller later visited Washington on 
government business. 

W. L. Brack was at Louisville during 
the early part of December to discuss 
speech input equipment problems at 
Station WHAS. 

H. C. Curt and A. H. Mitcer in- 

spected electrical equipment on the 
U. S. S. Yorktown at Norfolk. Mr. Curl, 
at a later date, visited Washington on 
government business. 
C. H. Rumpec inspected electrical 
equipment on the U. S. S. Brooklyn at 
the Brooklyn Navy Yard during the latter 
part of December. 

G. B. Tuomas and R. A. DELLER at- 
tended the winter meeting of the Middle 
Atlantic section of the Society for the 
Promotion of Engineering Education, 
held at Drexel Institute of Technology, 
Philadelphia, on December 11. 

M. D. Britt recently delivered a lec- 
ture at Kearny entitled Low-Pass and 
High-Pass Filters as part of a course 
given by the Laboratories’ staff. 

A. C. WALKER at- 
tended the symposium 
on Drying and Air Con- 
ditioning of the Ameri- 
can Chemical Society 
held at Philadelphia on 
December 27 and 28. 

C. D. Hocker, as 
Chairman of the 
A.S.T.M. Wire Inspec- 
tion Committee, ar- 
ranged a meeting at Pur- 
due University of the ag- 
ricultural engineers in 
charge of the wire test 
stations at several uni- 
versities. The purpose of 
this meeting, which was 
held on December 3, was 
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to assist in training the university men 
to inspect wire and fence specimens in 
a uniform manner. 

R. H. Cottey attended the Executive 
Committee meeting of the American 
Wood-Preservers’ Association held in 
Chicago on December 7. 


On DeceMBER 3, R. J. Kent was in 
Harrisburg in connection with field trials 
of cant hooks and peavies. On December 
20 and 21, Mr. Kent was in Torrington, 
Connecticut, on field trials of a proposed 
flat-tie wrench. 

C. F. Swasey and C. F. Hanson, at the 
Weston Electrical Instrument Corpora- 
tion in Newark, discussed meter problems. 

R. V. Terry visited the Warren Tele- 
chron Clock Company at Ashland, Mas- 
sachusetts, in connection with the de- 
velopment of a “‘time-of-day” clock. 

M. W. Lane of the Western Electric 
Company at Hawthorne spent several 
days at the Laboratories discussing 
various problems associated with the 
manufacture of the combined hand- 
telephone set. 

AUTOMATIC SWITCHING developments 
were discussed by E. B. Ferrell, Francis 
A. Hubbard, E. J. Kane, A. C. Keller, 
R. C. Mathes and T. E. Shea with engi- 
neers of the Western Electric Company 
at Hawthorne. 

N. Y. PriessmMaAn and K. G. Compton 
visited the P. R. Mallory Company in 
Indianapolis to confer with their engi- 
neers on electrolytic condensers. Mr. 
Priessman, with W. T. Booth, also dis- 
cussed the same apparatus at the Cornell- 
Dubilier Company in South Plainfield. 

M. WuirEHEAD spent several days at 
the Underwriters Laboratories at Chicago 
in an investigation of explosion-proof 
telephone sets. 

W. Basincton, at Kearny, discussed 
forming tests on transmitter electrodes. 

L. VierH and G. R. YENzeER were at 
Kearny on matters relating to the manu- 
facture of the 1A recorder. 

K. M. Otsen and G. M. Bouton were 
in Philadelphia on life tests being made on 
lead-covered cables. 
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Epwarp J. Prart, of the Apparatus 
Development Department, died on De- 
cember 20. Mr. Pratt was graduated from 
Ohio State University in 1911 with the 
degree of E.E. in Mechanical Engineering 
and immediately joined the student 
course of the Western Electric Company 
at Hawthorne. A year later he transferred 
to the Engineering Department where he 
handled engineering problems of the 
Manufacturing Department. In 1913 he 
came to the Physical Laboratory in New 
York. Since that time Mr. Pratt had been 
associated with the development of re- 
tardation coils, relays, telephone call me- 


E. F. Pratt 


tering mechanisms, acoustical aids for the 
hard-of-hearing and other apparatus, and 
many patents covering his work were 
taken out in his name. 

When he first came to West Street Mr. 
Pratt was concerned with the development 
of loading coils and transformers and later 
in the development of continuous-loaded 
submarine cable. During the World War 
he worked on various government pro- 
jects. In 1919 he became associated with 
the development of transmission measur- 
ing equipment in the Apparatus Develop- 
ment Department. Since 1921 Mr. Pratt 
had been engaged in the design and de- 
velopment of electro-magnetic apparatus 
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and, in particular, polarized relays. He 
also spent one year, 1927, with the trans- 
mission network group on special studies 
of modulation in filters. 

* * * 

C. F. Wiesuscu has been appointed 
Chairman of the Acoustical Terminology 
Committee of the American Standards 
Association. Mr. Wiebusch presented a 
paper on Electro-Mechanical Feedback as 
Applied to a Disc Recorder before the 
Acoustical Society of America at Ann 
Arbor, Michigan. 

H. M. Sro.tier was at Fort Wayne to 
discuss the development of carrier-gener- 
ator equipment employed in the A-3 
privacy system. 

At THE Chesapeake and Potomac Tele- 
phone Company in Washington, R. L. 
Hanson, B. O. Templeton and W. H. 
Edwards discussed various problems con- 
nected with coin-collector signals. 


G. F. Morrison 


Georce F. Morrison, Plant Super- 
intendent, retired from active service in 
the Bell System on January 1. In 1892 
Mr. Morrison had a brief association with 
the telephone industry when he assisted 
the Hudson River Division of the New 
York Telephone Company in erecting a 
part of the first line between New York 
and Chicago. It was not until December 
I, 1902, that he became permanently con- 
nected with the Bell System—as Super- 
intendent and Engineer of the Western 
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Electric Company’s Thames Street build- 
ing. When this building was sold five 
years later, he came to West Street as 
chief of the power plant. Here, as power 
engineer and later as superintendent, Mr. 
Morrison has been intimately concerned 
with the many physical changes that have 
since taken place. When the erection of 
the radio stations at Deal Beach and 
Green Harbor was undertaken, he took 
charge of the layout of the grounds and 
much of the construction. He assisted in 
moving the Manufacturing Department 
from New York to Chicago and in turning 
the manufacturing space into a ware- 
house. Throughout the subsequent growth 
of the Laboratories, Mr. Morrison has 
taken an active part in converting the 
building step by step. 
* * * * * 

G. C. SourHwortu spoke before the 
Radio Club of America on Wave Guide 
Transmission at a meeting held at 
Columbia University on January 13. 

D. T. ErcHMey, at Hawthorne, at- 
tended a quality survey conference de- 
voted to the new handset receivers. 

F. S. Goucuer spoke before the radio 
colloquium, held at the Deal radio lab- 
oratory on January 14, on contact studies, 
dealing particularly with carbon and 
metallic contacts. 

B. L. CLarke presented a paper en- 
titled Chemistry and the Telephone before 
the Pittsburgh section of the A.I.E.E. on 
January 11 and before the Cincinnati 
section on January 13. 

T. C. Fry,at a meeting of the American 
Statistical Association held in Atlantic 
City on December 27, presented a paper 
entitled Chi-Squared-Test Significance. 

W. L. Roru made a trip to Allentown 
in connection with the removal of pilot- 
wire transmission regulators on trial at 
the Allentown station. 

O. J. Morzenti remained in Florida to 
assist in the removal of the Type-J car- 
rier-trial installation between West Palm 
Beach and Jacksonville. 

F. F. Stesert in Philadelphia and V. T. 
Callahan in Peoria, Illinois, and St. Paul 
witnessed Diesel engine tests. 
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J. H. Sore discussed a new type of 
ringing and coin-control generator in 
Lynn. 

W. O. FuLLERTON visited New Bruns- 
wick to arrange for a trial of new ticket 
boxes in toll-switchboard positions. 

* * * * * 

H. W. WetnuHart, who completed 
twenty-five years with the Western Elec- 
tric Company and the Laboratories on the 
seventeenth of December, joined the re- 
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search organization under H. D. Arnold 
in 1912. He was first engaged in the de- 
velopment of the mercury-arc repeater. 
When our interests in the vacuum tube 
were initiated the following year, Mr. 
Weinhart was among those who con- 
structed the first tubes made in our lab- 
oratories. Very soon the first transconti- 
nental line was engaging the attention of 
engineers and he worked on the develop- 
ment of vacuum-tube repeaters for that 
project. At about the same time the 
power amplifier tubes for the Arlington- 
Paris radio demonstration were de- 
veloped and built with his assistance. 
Continuously since then Mr. Weinhart 
has been concerned in the development of 
many types of vacuum tubes. The cath- 
ode-ray oscillograph and the photoelec- 
tric cell are among the devices to which he 
contributed. The glow tubes and cathode- 
ray tubes used in the various television 
demonstrations have all been built under 
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his direction or with his active participa- 
tion. He has developed the process of 
metal plating by evaporation to the point 
where it is an important laboratory and 
manufacturing technique. He has also 
contributed techniques in the construc- 
tion of experimental apparatus for numer- 
ous physical researches. 
* * * 


OvERALL TRANSMISSION performance 
tests of the Type-K carrier circuits be- 
tween Toledo and South Bend were made 
by L. G. Abraham, C. W. Carter, L. C. 
Roberts and H. S. Winbigler prior to the 
service trial which began recently. D. K. 
Gannett and N. R. French also visited 
Toledo in connection with this project. 

Durinc Decemser, A. B. Clark, A. G. 
Chapman and E. I. Green went to Flor- 
ida, and in company with M. W. Kyser, 
Long Lines District Plant Superinten- 
dent, inspected the work on the Type-J 
system trial between Jacksonville and 
West Palm Beach. They also visited the 
radio transmitting and receiving stations 
at Opalocka and Hialeah. 

H. E. Curris and A. W. LesBerrt are 
installing apparatus to measure the 
effects of ice and frost on the transmission 
characteristics of open-wire lines at high 
frequencies. This apparatus is being in- 
stalled at Fort Scott, Kansas, at various 
points between Lamar, Colorado, and 
Salt Lake City, and between Spokane and 
Wenatchee in Washington. L. F. Staehler 
is at Mount Pocono in connection with 
similar work. 

H. W. Evans and W. H. Tipp have re- 
turned from Florida where they have been 
working on the Jacksonville-West Palm 
Beach Type-J carrier system trial. 

L. R. Montrorrt visited Little Rock and 
Fort Smith, Arkansas, in connection with 
the completion of the trial of the Type-H 
carrier-telephone system on a line of the 
Missouri Pacific Railroad. 

G. C. Lorp attended a hearing before 
the Examiner of Interferences at the 
Patent Office in Washington. 

M. L. Atmguist and M. M. Bower at- 
tended a Long Lines conference at Cleve- 
land on January 4 to 6, at which prob- 
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lems involved in the plant operation of 
Type-K systems were discussed. 

C. D. Korcuiinc was in St. Paul to 
observe the operation of the local step-by- 
step plant and the cutover of the 3 and 
3B toll switchboards. 

J. G. Kreer, F. A. Brooks and W. R. 
BENNETT have joined the group at Toledo 
and South Bend which is testing the 
initial installation of the Type-K carrier- 
telephone system. G. P. Wennemer, also 
of the group, has returned to New York. 

V. J. Hawks, who recently supervised 
the installation and testing of a new 
voice-operated control terminal at Hono- 
lulu as part of the additional short-wave 
radio telephone circuit recently placed in 
service between there and San Francisco, 
is also supervising the installation and 
testing of an A-3 band-splitting privacy 
system for the same circuit. 

M. R. Purvis was in Bluefield and 
Charleston, West Virginia, and R. B. 
Hearn was in Charleston and in Lynch- 
burg, Virginia, completing field tests of 
the 16Bi polarized telegraph repeater. 

FE. C. Mouina attended the annual 
meeting of the American Statistical Asso- 
ciation held in Atlantic City. . 

CROSSTALK TESTS were made on open- 
wire circuits between Jacksonville and 
West Palm Beach by A. L. Whitman, 
L. L. Lockrow and J. H. Shuhart. Later 
Mr. Shuhart went to Dallas, Texas, to 
make high-frequency crosstalk tests on 
the Dallas-Houston line. 

Joun Mattet and J. L. Linpner have 
gone to Amarillo, Texas, to make high- 
frequency crosstalk tests on the fourth 
transcontinental line. 

A. H. Incuis and H. A. Lares visited 
Atlanta and New Orleans in November to 
discuss station apparatus. 

W. H. Epwarps and E. F. Smiru were 
in Atlanta and New Orleans in December 
on matters pertaining to station appa- 
ratus and to discuss a proposed field 
study of such apparatus. Mr. Smith has 
also been at New Haven for an extended 
period in connection with a similar study. 

AT THE CONVENTION of the American 
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Association for the Advancement of 
Science held jointly with the American 
Physical Society at Indianapolis from 
December 28 to 30, L. H. Germer and 
K. H. Storks presented a paper, Arrange- 
ment of Molecules in Unimolecular and 
Multimolecular Layers. A paper having 
the same title was also presented by Dr. 
Germer at a symposium on surface chem- 
istry held by Section C of the American 
Association for the Advancement of 
Science. K. K. Darrow, H. Fletcher, P. S. 
Olmstead and G. R. Stibitz also attended. 

THE MANUFACTURE of rubber-covered 
wire was discussed by A. R. Kemp, J. H. 
Ingmanson and G. N. Vacca with engi- 
neers of the Western Electric Company 
at Point Breeze. 

A symposium on Physics held at the 
Franklin Institute in Philadelphia was 
attended by H. Fletcher, E. C. Wente, 
W. Shockley and K. K. Darrow. 

Dr. Darrow spoke on Transmutation 
at Lehigh University on December 13 and 
addressed the Science Forum of the New 
York Electrical Society on Nuclear Phys- 
ics on January 12. 

Ar THE SEVENTH National Symposium 
for Organic Chemistry of the American 
Chemical Society, held in Richmond from 
December 28 to 30, R. R. Williams spoke 
on The Chemistry of Thiamin. He also 
spoke on the same general subject before 
the Washington Academy of Sciences 
and a meeting of the New York section of 
the American Chemical Society. At 
Columbia University, Dr. Williams dis- 
cussed the chemical and _ engineering 
problems brought about by atmospheric 
action on telephone equipment before the 
three metropolitan chapters of Phi 
Lambda Upsilon, national honorary 
chemical society. 

AN INVESTIGATION of the use of Pyrex 
glass in the manufacture of vacuum 
tubes took F. R. Lack, V. L. Ronci, and 
L. R. Shropshire to the Corning (New 
York) Glass Company. 

L. W. Gites and R. C. MINER were at 
Hawthorne to attend a quality survey 
conference on the manufacturing prob- 
lems of the new receivers for the handset. 
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Engineering of a 
telephone system 
with all its thou- 
sands of individual 
apparatus units and 
thousands of unit 
assemblies requires 
not only careful de- 
sign, but experi- 
mental installation 
of new equipment. 
Sometimes these in- 
stallations are made 
in the field, some- 
times in the Labora- 
tories. Four such 
laboratory installa- 
tions are shown. 
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Oscillators for voice- 
frequency carrier 
telegraphy 


II 
Satisfactory opera- 
tion of a telegraph 
relay requires care- 
ful adjustment at a 

special testboard 


Voltage indicator 
which records tran- 
stent voltages on tele- 
phone lines 


IV 
Cabling a power 
board in the cross- 
bar toll switching 
laboratory 


In complying with a request from the 
Editors of THE Recorp to “‘write some- 
thing” on the events which occurred in 
Stockholm in connection with the distri- 
bution of the Nobel Prizes for 1937, I am 
restricting myself to a record of my im- 
pressions of the main events only—the 
so-called Festival ceremony, the Nobel or 
Town Hall banquet and the King’s ban- 
quet. These constitute a program of 
official functions which, one gathers, has 
remained invariable now for some years. 

The Festival ceremony begins with the 
entrance into the Concert Hall of “His 
Majesty the King, with members of the 
Royal Family accompanying him” at 
p.m. (sharp) on the afternoon of 
December 10, the anniversary of the 
death of Alfred Nobel. (The quotations 
here and elsewhere are, most of them, 
from the official memorandum.) “The 
persons invited have been asked to occupy 
their seats in the large assembly hall not 
later than 4:50 p.M.,”’ and have done so; 
the main body of the hall and the gal- 
leries are exactly filled with an audience 
resplendent in white ties and evening 
gowns. The King and the Royal Family 
occupy chairs at the front of the audi- 
torium, immediately in front of the plat- 
form—the King, an extra large one in 
the center. Their entry into the hall from 
“... the parlor reserved for them...” 
has been “‘announced by trumpet calls” 
and “thereafter they are . . . greeted by 
the royal hymn.” 

This concluded, curtains which have 
closed the center doors at the rear of the 
platform are drawn aside and the lau- 
reates, “conducted by representatives of 
the Nobel Committees,” enter the plat- 
form, “their arrival being likewise an- 
nounced by trumpet calls.” 

Physics heads the list of subjects for 
which prizes are given and owing to this 
accident the laureate for physics, or one 
of them if there happen to be two, is the 
first to be conducted onto the platform. 
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The others follow in the order chemistry, 
medicine and literature. (The peace prize 
is awarded by a committee elected by the 
Norwegian Storthing and is presented in 
Oslo.) Each laureate “‘after making (his) 
reverence to the King’’—something to 
worry about—occupies a seat reserved for 
him on the right-hand side of the plat- 
form; his escort occupies a corresponding 
seat on the left-hand side. Back of the 
laureates sit laureates of previous years, 
and back of the conductors sit members 
of the Nobel Foundation. All are sitting, 
that is, once this maneuver is completed; 
during its evolution the entire audience is 
standing, as at a wedding. Follows music 
by a concert orchestra conducted by 
Adolph Wiklund, but invisible to the 
laureates. Here and at all other transitions 
the program is punctuated by music. 

After a “‘salutatory oration by the 
President of the Board of the Nobel 
Foundation, the proclamations of the 
laureates take place in speeches held by”’ 
those who conducted them onto the plat- 
form, and in the same order. The procla- 
mations are in Swedish and of consider- 
able length—many words being required, 
it seems, to justify each award. The proc- 
lamation ended, the speaker addresses 
the laureate (who has now risen from his 
seat) in the latter’s language. This speech 
is short and ends with an invitation to the 
laureate “‘to step down from the platform 
in order to receive from the hands of 
His Majesty, the King, the Nobel gold 
medal, the diploma and an assignation 
for the prize.” 

At this juncture the entire assembly 
rises, the trumpets call, and the laureate, 
the only moving object in the hall, walks 
to the front of the platform at a pace in 
keeping, he hopes, with the solemnity of 
the occasion. The steps lead down, right 
and left, from a small landing which joins 
the front edge of the platform at its mid- 
point. It may be that he has resolved to 
descend the steps on the right, walk to a 


[vii] 


gue 
=~ 


spot directly in front of the King, then 
turn to face him. If so he discovers that 
the King has other ideas. When he turns 
from the steps he finds the King, with 
hand extended, stepping forth to meet 
him, and greeting him in the most friendly 
terms. He is certain the terms are friendly 
for the King is smiling and obviously ina 
jovial mood. But what the King says and 
what inanities the laureate utters in reply 
fail to register; he has no idea afterwards 
what passed between them. He receives 
the tokens and manages to ascend the 
steps on the left; and so back to his seat. 
The British Minister comes from the 
front row of the auditorium to accept the 
tokens for a fellow countryman unable, 
unfortunately, to attend because of illness. 

More music, and then the proclamation 
for two who share the prize for chem- 
istry; and so on through medicine and 
literature—the trumpets, the perilous 
descent, the prize bearing ascent — no 
two make the excursion in exactly the 
same way. 

More music, the King and the Royal 
Family leave the hall; and the ceremonies 
are at an end. The laureates “‘deliver their 
medals and diplomas into the hands of the 
head attendant, Dr. Hidelius, who brought 
them into the hands of H.M. the King, 
and who will afterwards bring them to 
the City Hall, where they are to be ex- 
hibited during the evening.” 

A short breathing spell back stage, and 
then attendants and cars are “waiting to 
convey the laureates and their families to 
the banquet in the City Hall, which will 
begin at 7:30—gathering at 7:15.” 

“The laureates, their families, the 
foreign ministers present and some other 
persons occupying places of honor at the 
main table in the banquet hall . . . assem- 
ble in the Prince’s Gallery . . . to be pre- 
sented to H.R.H. the Crown Prince of 
Sweden and other members present of the 
Royal Family.” The presentation is not as 
one has imagined it; the laureates and 
their families, shepherded by the ministers 
of their respective countries, are ranged in 
groups along one side of the long and 
beautiful Prince’s Gallery, so called be- 
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cause one of the princes executed its 
lovely murals. The five laureates present 
are of five nationalities so that no minister 
is called upon for double duty. 

The Crown Prince followed by this 
party—eight or nine in all—enters the 
gallery and moves in leisurely fashion 
along the line. The ministers perform the 
introductions, the conversations are brief, 
friendly and informal. One of the Princes 
complains of the length of the proclama- 
tions—a complaint with which one is in- 
clined to sympathize. 

The presentations completed, the 
Crown Prince, escorting the wife of the 
laureate for literature and followed first 
by the other Royal persons and their 
dinner companions, leads the way into 
the banquet hall. The matter of seating 
and of escorts has been admirably set 
forth in a booklet which contains a plan of 
the banquet with all places numbered and 
a cross index of names and numbers. 

The picture of the banquet reproduced 
on page xi gives but a faint idea of the 
splendor of the room, the Gold Room, in 
which the function is held. One’s first im- 
pression on entering the brilliantly lighted 
hall is that its walls are indeed of burn- 
ished gold—the effect is dazzling and 
breath-taking. Only later does he discover 
that they are of glazed mosaic—a golden 
background figured over with symbolic 
and allegoric designs which depict the 
growth and history of Stockholm and 
Sweden, and much else besides. The 
heroic figure on the end wall represents 
Stockholm receiving homage from East 
and West. To some of the less ad- 
vanced artistically among the inhabi- 
tants the figure seems to do less than 
justice to the grace and beauty of their 
city—a view which even a laureate finds 
comprehensible. 

The crosswise tables are already occu- 
pied when the Prince’s party enters—to 
music, no doubt, but one doesn’t remem- 
ber. The second item on the wine list is 
champagne and when this has been 
poured the President of the Nobel Foun- 
dation proposes a toast, to His Majesty 
the King, which all drink standing. Later 
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the Crown Prince, spurning the excellent 
public address system, fills the great room 
with thunderous Swedish in proposing a 
toast to the memory of Alfred Nobel. 
Near the end of the banquet a representa- 
tive of the Foundation addresses a speech 
in English to the laureates severally and 
collectively — to which the laureates 
“should they wish to return an answer ..., 
will please proceed . . . ” in an order the 
reverse of the original. All wish; their 
speeches “‘announced to the assembly by 
trumpet calls’ follow in a variety of 
languages. The speech in French by the 
laureate for literature seems the best, but 
all are received with enthusiasm. The 
banquet is ended; it has been a brilliant 
and enjoyable affair. 

Those from the main table, the Royal 
personages preceding, leave the room by 
the doors through which they entered 
which now are guarded by soldiers in 
uniforms of an earlier century and bearing 
ancient weapons. No doubt they were so 
guarded earlier in the evening but this 
detail was missed in the first all-absorbing 
view of the splendid room. 

Following its leaders, the company 
finds itself gathered in a balcony which 
extends along one side of the so-called 
Blue Room, and shortly thereafter re- 
stricted to a central section of this balcony 
by refectory tables placed crosswise and 
serving as barriers. The other guests 
enter the ends of the balcony, directly 
from the Gold Room, through doors in the 
bays or embrasures shown on the left in 
the picture. This hall, which Yeats has 
compared in austerity to the main room 
of the Pennsylvania station in New York 
City, is blue in name only. Above the 
level of the balcony its walls, which rise 
perhaps fifty feet from the top of a marble 
colonnade to a frieze of heavily sashed 
windows, are of reddish-brown brick— 
larger than ordinary brick, rather rough 
in texture and unglazed. The relief which 
so great an expanse of brick wall requires 
is supplied by long narrow windows, seen 
in exterior aspect, elaborately ornamented 
in terra cotta and heavily grilled. The 
ceiling is flat and of wood, and is perhaps 
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blue. From it, somewhat inside the con- 
tinuous frieze of windows, hangs a flounce 
or apron, of tight-set vertical boards, their 
lower ends rounded, in appearance like 
the apron of an awning. The ceiling 


C. F. Davisson as seen by a Swedish 
caricaturist 


simulates a taut-drawn canopy, and 
with other features gives to the room an 
air of out-of-doorness which is distinctly 
thrilling. 

The three hundred banqueters have 
been brought here to hear the students 
sing. The singers are heard first off-stage; 
then are seen entering upper right through 
the colonnade—first a student walking 
slowly, bearing the flag of Sweden car- 
ried thirty degrees above the _hori- 
zontal; then the student chorus which 
mounts to a landing on the open staircase 
leading from the main floor to one end 
of the balcony. Follow small groups of 
students bearing banners of student soci- 
eties. All are in dark blue and wear nau- 
tical caps with white tops of soft ma- 
terial. The banners, ten or a dozen, range 
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themselves with no attempt at military 
precision, along the axis of the room 
facing the balcony, the Swedish flag in 
front and in the center. Then come stu- 
dents with girls, hundreds of them. They 
condense in an irregular column back of 
the banners, perhaps six or eight deep. 

The singing ceases. A student from the 
banners steps forth, doffs his cap and in 
English addresses the laureates who have 
been maneuvered to the balcony rail:— 
They are the students of Stockholm, come 
to greet the laureates. Our presence in 
their city inspires them to greater efforts, 
spurs them to apply themselves with dili- 
gence to their studies that they may carry 
on, etc.,—protestations which might, in 
other circumstances and other surround- 
ings, meet with some degree of skepticism, 
from one who knows students, but which 
in the present circumstances are accepted 
without question and with a profound 
sense of one’s beneficence to humanity. 

The flag and the banners and finally 
the chorus, which has resumed its singing, 
leave by the way they entered. As the 
last of them pass from view one hears the 
first strains of a Viennese waltz. Their 
effect upon the massed column of students 
and girls is the inevitable; ten measures 
and it has dispersed and spread forth to 
occupy the whole of the floor. 

The refectory tables have been re- 
moved and the balcony party takes on 
the character of a reception, expanding 
back into the Gold Room—groups form 
and reform—some gather at tables for 
further refreshment—some join in the 
dancing. Twelve o'clock and the party 
is breaking up—laureates and their 
wives return to their hotels but not, all 
of them, to sleep — too keyed up — too 
much to talk about. 

Another night: another banquet. “At 
7:30 P.M. His Majesty the King has been 
graciously pleased to invite the Nobel 
prize laureates and their wives to a ban- 
quet in the Royal Palace of Stockholm.”’ 
‘Autos will be in waiting at the hotel at 
7:10 P.M. and the persons invited will be 
accompanied to the palace by the at- 
tachés attending.” Also from the invita- 
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tions one gathers that homegoing (him- 
tning) is to be at 9:30 sharp. 

The attaché phones, he is in the lobby 
of the hotel, come to accompany us to the 
palace. If we “care to come down in 
exactly seven minutes from now” the car 
will be waiting. We care, and so do the 
laureate for literature and his wife whom 
we meet in the elevator. Two cars take us 
over snow-covered streets, across a bridge 
to the island on which the palace is situ- 
ated, through narrow streets of the old 
town and in at the palace gates. We cross 
what is perhaps a parade ground, pass 
through a second arched gateway into an 
inner court which the cars half circle to 
bring up at the canopied entrance to the 
palace. The attaché goes no further, he 
bids us good night and is on his way. 

Through the guarded entrance into a 
cheerless cavern of massive masonry, we 
are directed to a broad staircase on the 
left. Its newel posts are soldiers in pic- 
turesque uniforms bearing short thick 
poles surmounted by round knobs. There 
is no one else about. We begin the ascent 
with what assurance we can muster. The 
treads of the steps are wide and have been 
scored with a herringbone pattern of 
non-skid corrugations. A red runner half 
the stair width serves to guide us, though 
the only alternative to ascending is de- 
scending. We ascend to a landing and 
turn; landing and turn, passing guards 
posted in pairs;landing and turn again and 
we mount to the end of a long gallery, or 
balcony, overlooking the staircase. An 
open door to the left, the gallery stretch- 
ing away to the right to a lighted room 
at its end, a few steps up. Do we or don’t 
we’ Someone appears who directs us to 
the right along the gallery. Clearly the 
lighted room is our goal, or is it? Another 
flight of stairs is discovered taking off to 
the left. 

At this juncture someone dashes from 
the lighted room, down the few steps and 
along the corridor towards us. It is the 
Crown Prince. He pulls up sharply with, 
“Hello! How are you?” and shakes hands 
all around. The literature wife scores a 
deep curtsy and the Prince is off about his 
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Nobel Laureates was held 


evidently urgent business, first telling us 
to ‘‘go in there,’—there being the lighted 
room. It turns out to be a coeducational 
cloak room—long racks filled with black 
coats and top hats, distinctly puzzling. 

We ascend the stairs we had passed. 
Two landings and two turnings and then 
a landing without a turning—on each 
side a lackey bearing a large tray, ap- 
parently silver. The gathering is already 
in view at the top of the steps. The trays 
will contain the dinner cards—but why 
two and which? The question is easily 
answered by going first to the wrong one 
—the first half of the alphabet is on the 
other side. 

The steps lead necessarily to a palatial 
room—salon, more likely—done in the 
French manner as one knows from all the 
pictures he has seen of such rooms since 
childhood. It is comfortably filled with 
men mostly well along in life and all, or 
nearly all, rather heavily loaded down 
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with decorations. Some we know, most 
we do not; but this causes no embarrass- 
ment for here as elsewhere introductions 
are largely dispensed with. We move 
along shaking hands, mumbling names 
and greetings and eventually drift into an 
adjoining room where we shake hands 
with more men and a half dozen or so 
charming women, several dressed alike— 
another mystery. The other laureates and 
their wives also are here, and likewise our 
ministers. 

Three resounding raps—one suspects 
that they have been struck on the thresh- 
old by a major-domo discovered standing 
in the doorway and bearing a staff. The 
company moves to the sides of the room. 
The King enters, accompanied by his 
granddaughter-in-law, the Princess Sy- 
billa, and followed by the Crown Prince 
and others of the Royal Family. The 
King, who is seventy-nine, is tall and 
straight and thin and gray; and as cheer- 
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ful as on the previous afternoon. He 
moves about the circle of guests shaking 
hands with all, chatting briefly with some. 
He sets the pace for those who follow. 

The minister is to introduce the lau- 
reate to the King, and the laureate his 
wife, but the King isn’t having it. He has 
met the laureate the day before, so why 
pretend he needs an introduction? He has 
not, however, met the laureate’s wife and 
is happy to do so. Probably it is the wife 
who hasn’t met the King, but one gathers 
that this would be a mere triviality. 

The introductions completed, the King 
and his granddaughter-in-law lead the 
way into the banquet hall. The tallest 
Prince, about six feet four, takes in the 
smallest wife. The procession passes 
through the room first entered, through 
the King’s trophy room, both filled with 
the men who own all the hats and coats 
below-stairs, and into the banquet hall. 
Five men of the Royal Family, the five 
laureates and the five ministers alone take 
in ladies—there is a great preponderance 
of stags. The ladies are three Princesses, 
the wives of the laureates and enough 
court ladies and_ ladies-in-waiting, the 
latter dressed alike—mystery solved—to 
make up the number. The men follow and 
all are seated at one tremendously long 
glowing table, the King in the center on 
one side with a Princess on each side, the 
Crown Prince opposite and the mixed 
party to right and left from these foci. 
The stags, who are members of the Nobel 
Foundation and Committees, Cabinet 
Ministers and others, occupy the two 
ends—fifty at each end, at a guess. 

An orchestra above the entrance sup- 
plies one selection—Swedish—per course, 
through seven courses. The room, it is 
learned, is called the White Ocean Room, 
but not why. It is learned that the King’s 
dinners begin always with caviar; what 
are the duties of a lady-in-waiting—or 


some of them; which is the Minister of 
Education, which the Minister of Agri- 
culture; that the man in clerical garb ig 
the Archbishop of Sweden; that “Gone 
With the Wind” is the most popular book 
in Sweden at the moment, and much else 
—all from a charming informant. There 
are no speeches and no toasts. 

The banquet ended, the mixed com- 
pany led by the King files out. When well 
clear of the hall each man shakes hands 
with his lady and thereby dissolves their 
transient partnership—he has no further 
responsibility toward her. Coffee and 
cognac are served. One seeks his wife, 
finds her conversing with the Crown 
Prince, but soon loses her again. The 
ladies gravitate to a corner and sit to- 
gether on chairs and divans. The King’s 
trophies are admired, also the tapestries— 
third finest collection in the world, or 
perhaps the second, what with the long 
continued bombardment of Madrid; also 
a prize rug, presented to the present or 
some former King by some Oriental poten- 
tate, which covers most of one side of a 
large room—or perhaps salon—and is 
very beautiful. 

Nine-thirty, something is stirring. The 
company which the laureates’ wives have 
rejoined withdraws towards the sides of 
the room to form an aisle or passage. The 
King and his family and party are leaving. 
This evidently is the ““hamtning.” They 
pass rather briskly along the lane which 
has been formed for them, toward a door 
at its end, shaking hands at random 
apparently, now with someone on the 
right, now with someone further along on 
the left. As the last of the procession 
passes the charming young _lady-in- 
waiting steps aside, shakes hands hur- 
riedly with her dinner escort, bids him a 
quick good-by and is gone. 

The doors are closed; the party and the 
program of official functions are at an end. 


Bound copies of Volume 15 of the Recorp (September, 1936, to 
August, 1937) are now on sale to members of the Bell System at 

2.75—foreign postage 25 cents additional. Remittances should be 
addressed to Bell Laboratories Record, 463 West Street, New York 
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The Musa From the 


Outside 


By L. R. LOWRY 
Radio Research Department 


HE array of poles and wires 

that one would see if flying 

over the Holmdel radio labora- 
tories, is the tandem group of six 
rhombic antennas of the experimental 
musa. These equally spaced antennas, 
with their individual coaxial trans- 
mission lines running underground to 
the receiver building shown in Figure 
I, comprise the outside plant of the 
system. Within this building is the 
musa terminal equipment; and the 
six coaxial lines may be seen inside 
the sloping wood casing, on the right- 
hand side, from which one side has 
been temporarily removed. 
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The coaxial lines are constructed of 
sixty-foot lengths of one-inch copper 
pipe, joined with screw-type unions. 
The inner conductor consists of a 
quarter-inch copper tube supported 
at ten-inch intervals by isolantite in- 
sulators. A trench running down the 
middle of the array carries all six 
lines; and at each pole one of the lines 
turns up and runs to the top of the 
pole where it is connected to one end 
of the antenna through a coupling 
unit. A photograph of this coupling 
unit is shown in Figure 2, and its cir- 
cuit schematic is given in Figure 3. 
At the other end each antenna is 
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terminated in its characteristic im- 
pedance, which takes the form of three 
spaced resistance units. The arrange- 
ment of these units is shown schemat- 
ically in Figure 6, and as actually in- 
stalled, in Figure 4. The arrangement 
at each of the five intermediate poles 
is identical, and is shown in Figure 4. 

Although there is nothing particu- 
larly unusual in the antennas them- 
selves, in the coaxial lines, or in the 
method of coupling, there are a num- 
ber of requirements of unusual se- 
verity that must be met if the array is 
to act properly as a musa. As has 
been discussed in a previous article,* 
the phase differences between ad- 
jacent antennas must be alike; and 
along each transmission line the phase 
shift must be proportional to the 
length. To meet these conditions the 
antennas and coupling transformers 
must be exactly alike, and the co- 
axial lines must be accurately termi- 
nated. Final tests must then be made 
in order to verify the behavior of the 
outside plant. 

One of the incidental requirements 
is that the coaxial lines be electrically 
smooth; in other words their charac- 

*REcorD, January, 1938, p. 148. 


Fig. 1—The musa terminal building and the incoming 


coaxial transmission lines 
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Fig. 2—Coupling unit designed for the 


musa antenna structures 


teristics—resistance, capacitance, and 
inductance — must vary uniformly 
with distance. If they are not smooth, 
standing waves will be formed even 
though the lines are correctly termi- 
nated, and as a result 
their impedance will 
vary with frequency. 
As a test for smooth- 
ness, the longest coaxial 
line—about a thousand 
meters—was termi- 
nated at its remote end 
by its characteristic 
impedance and _ then 
the near end impedance 
of the line was meas- 
ured over a wide range 
of frequencies. The re- 
sistive and_ reactive 
components thus ob- 
tained are shown in 
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Figure 5. For most of the frequency 
range, as will be noticed, the imped- 
ance variations are within +10 ohms. 
Variations of this order do not ap- 
preciably affect the satisfactory opera- 
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Fig. 3—Circuit schematic of the coupling 

unit, which is designed to permit checking 

the continuity of the termination resistance 

by means of direct current measurements at 
the terminal building 


tions of the musa, and are not ob- 
jectionable. 

At 7.7 and 15.4 megacycles, how- 
ever, much larger variations were 
found. These are believed to be due to 
a slight irregularity in the line at each 
joint, which adds a small shunt ca- 
pacitance. When located at regular 
intervals, these small capacitances 
have a cumulative effect at frequen- 
cies for which the distance between 
joints is a multiple of a half wave- 
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length. For the sixty-foot sections of 
the existing lines and for their actual 
velocity of propagation, these critical 
frequencies would be 7.7 and 15.4 
megacycles—exactly as found. Since 
the musa is not required to operate at 
these two particular frequencies, the 
regular sixty-foot sections are satis- 
factory; but if it were to receive at 
these frequencies, the sections would 
have to be made of different lengths 
to avoid this cumulative effect. 

The musa can be controlled over its 
steerable range and operated in the 
designed manner without the phase 


Fig. 4—At their output end each antenna 

is connected directly to a coupling unit, and 

at their termination end, the wires of each 

antenna are connected through three termt- 
nating resistances 


205 


: 
| 
} 
B 
j 
: 
3 
: ip i 
x 
: 
‘ 


120 


100 


this variation is satis- 
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factory, experience 
with the system sug 


gests that the actual 


variations are consid- 


erably less than this. 


The antenna outputs 
were found to differ by 


less than 0.5 db over 
the working range of 
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frequencies. 
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Fig. 5—Resistance component, above, and reactance com- 
> 
ponent, below, of the coaxial transmission lines of the musa 


velocity of the transmission lines being 
known. To be able to determine the 
angles of the incoming waves, how- 
ever, the velocity must be accurately 
determined. The velocity of the exist- 
ing coaxial line was therefore calcu- 
lated and also measured. The calcu- 
lated ratio of the velocity of the line 
to that of light was 0.941; and the 
measured ratio was 0.933 +0.004. Ex- 
perience with the system indicates 
that the value is 0.937. 
Measurements were also made at 
the receiver input of the phase dif- 
ference between adjacent antennas. 
At the highest frequency the maxi- 
mum variation, in these measure- 
ments including the experimental 
error, was found to be only 0.4 per 
cent of the total phase difference be- 
tween adjacent antennas. Although 
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Another require- 
ment for the satisfac- 
tory operation of the 
musa is that the cou- 
pling, or crosstalk, be- 
tween adjacent antennas be negligible. 
Results of measurements on the ex- 
perimental musa are indicated 
Figure 6. The small amount of cross- 
talk current, 0.oo1I, measured at the 
transmission line end of the musa and 
the larger current, 0.16], at the termi- 
nation end, indicates the unidirec- 
tional characteristic of the antenna. 
To a first approximation, the current 
in such an antenna increases pro- 
gressively toward the output end, and 
under this condition the effective 
crosstalk current is probably less 
than 0.081, that is half of (0.161+ 
0.0011), and is thus less than ten per 
cent of the signal current, I. An- 
tennas at greater spacing, either 
ahead or behind, contribute relatively 
nothing. These measurements were 
made at eighteen megacycles, at 
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Fig. 6—Values of crosstalk current measured in the experimental musa vary at different 
parts of the antenna as indicated 
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which frequency the antennas are pro- 
portioned to give maximum radiation 
approximately end-on. At lower fre- 
quencies, the crosstalk is probably 
less. Since the directional pattern of 
any antenna is the same for trans- 
mitting and receiving, the crosstalk 
will have less than ten per cent effect 
when the antenna is receiving. 

A further requirement for the musa 
is that the ground on which it is 
erected should be electrically flat, so 


that the reflected waves and the direct 
waves will combine similarly at all 
parts of the system. This requires 
that the reflecting plane of the earth 
should be approximately horizontal. 
Although the actual surface contour 
of the ground is not necessarily an in- 
dication of the position of the reflect- 
ing layer, tests and experience over 
the last few years have both indicated 
that the location of the Holmdel site 
meets this requirement. 


The Washington Award for 1938 


has been conferred on Dr. Frank B. Fewett by the Western 
Society of Engineers. In making the announcement, the Society 
stated: “It is generally recognized that America has led the world 
in the development of the art of telephony; and in this develop- 
ment Dr. Fewett and his research staff have had an important 
part in making it possible to converse not only from coast to coast 
but from this country to all other principal countries in the world. 
These contributions, which have been most important in the de- 
velopment of telephony, have also resulted in important advances 
in the fields of telegraphy, radio broadcasting, telephotography 
and television. They have brought increased comfort, enjoyment, 
security, and aid to the daily lives of millions of people, and 
have promoted friendly relations between nations.” 

Established in 1916 by Fohn W. Alvord, the Washington 
Award is for “recognition of devoted, unselfish and pre-eminent 
service in advancing human progress,” and is granted annually 
by a committee representing the American Society of Civil Engi- 
neers, the American Institute of Mining and Metallurgical 
Engineers, the American Society of Mechanical Engineers, the 
American Institute of Electrical Engineers and the Western 
Society of Engineers. Among its recipients have been Herbert 
Hoover, Orville Wright, Michael I. Pupin, Bion F. Arnold, 
Ambrose Swasey and Charles F. Kettering. 


The Carrier Telephone Alphabet 


By M. M. BOWER 


Toll Transmission Development 


HE use of carrier telephone 

systems has been increasing 

rapidly during recent years; 
and as a result of the increased use, 
new types have been developed to 
meet new applications, and older 
types have been improved to obtain 
better performance and lower cost. 
It now appears that a large part of the 
growth in the future will be provided 
by carrier methods. Each new system 
has been designated by a letter with 
the result that systems are now repre- 
sented by an alphabet of letters from 
A to kK. Although some of the earlier 
systems have nearly disappeared from 
use in the telephone plant, they all 
are of historical interest. 

The first carrier system, designated 
as type A, was developed during the 
War. The purpose of this system, as 
with the carrier systems which fol- 
lowed, was to provide telephone chan- 
nels in addition to the existing voice 
channels without increasing the num- 
ber of physical pairs. The type a 
system provided four two-way chan- 
nels above the voice channel on 
open-wire pairs in the frequency 
range between five and twenty-five 
kilocycles. Each channel used the 
same frequency for both directions of 
transmission; directional discrimina- 
tion was secured by hybrid-coil bal- 
ance at terminals and repeater sta- 
tions as with two-wire repeaters. The 
lower sidebands of carrier frequencies 
at ten, fifteen, twenty and twenty-five 
kilocycles were employed, with the 
carrier suppressed. This system pro- 
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vided good service, but the number of 
systems that could be placed on a 
pole line was limited by near-end 
crosstalk, and the repeater gains were 
limited by the degree of balance ob- 
tainable from the hybrid coil, so that 
the utility of the system for very long 
circuits was reduced. Seven type a 
systems were installed, but only one 
of these is now in regular service and 
is between Merced and Yosemite 
Valley, California. 

The type a was followed by the 
type B carrier system, which pro- 
vided three channels above the voice 
channel. This new system could em- 
ploy higher repeater gains because 
different frequencies were used for 
transmission in opposite directions, 
making it possible to rely upon filter 
selectivity instead of impedance bal- 
ance to separate the directions of 
transmission. This system transmitted 
a single sideband and the carrier fre- 
quency, using the lower sidebands of 
carrier frequencies at six, nine and 
twelve kilocycles, in the East to West 
direction, and the upper sidebands of 
carrier frequencies at fifteen, eighteen 
and twenty-one kilocycles in the West 
to East direction. Although this sys- 
tem was a distinct improvement over 
the type A, it was soon found that the 
band width obtainable in each chan- 
nel was somewhat narrower than was 
desirable, and that the transmission 
of the carrier placed an unnecessarily 
large burden on the load-carrying ca- 
pacity of the repeaters. Of the score of 
type B systems placed in service, only 
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one is now in operation, between Spo- 
kane and Lewiston in the state of 
Washington. 

The type c* system, which fol- 
lowed, embodied the best features of 
the types A and B systems. It em- 
ployed filter selectivity to separate the 
different frequencies used for opposite 
directions of transmission, trans- 
mitted a top frequency of about thirty 
kilocycles, with a single sideband for 
each channel, but suppressed the car- 
rier. This system has been very 
successful, and is now employed on 
many of the longer open-wire circuits 
in the toll plant, some of which are 
over two thousand miles in length. 
Over five hundred of these systems 
have been installed throughout the 
country up to the present time. 

Where a number of carrier systems 
are employed on the same pole line, 
special carrier transpositions must be 
used to reduce carrier crosstalk. In 
addition it has been found desirable to 
shift slightly the frequencies used on 
carrier systems being transmitted 
over adjacent pairs to obtain a so- 
called “‘staggering advantage,” and 
thus reduce the crosstalk. Type c 
systems having three slightly different 
frequency allocations were developed, 
and were designated as the types cn, 
cs, and cr systems. As progress was 
made in the art, improvements were 
incorporated in these systems, and 
successive models were standardized 
which were designated as the c2, c3, 
and c4, with a letter added to indi- 
cate the frequency allocation used in 
each case, as CN4, CS4, and cT4. 

During recent years there have 
been a number of new developments 
such as copper-oxide modulators and 
demodulators, and filters employing 
molybdenum-permalloy coils, which 


*The types A, B, and c systems are briefly 
described in the Recorp for December, 1925, p. 154. 
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have made it possible to reduce ma- 
terially the cost and physical size of 
the equipment. In addition to these, 
new types of vacuum tubes have be- 
come available, having higher gains 
than those used heretofore, and the 
feedback type of amplifier has been 
developed, which is much more suit- 
able for carrier use than the types pre- 
viously employed. A new type c sys- 
tem, known as the cs, is now under 
development in which all of these im- 
provements will be incorporated. It 
will be provided in the cs frequency 
allocation and a new frequency allo- 
cation known as the cv. 

Although the types a, B, and c 
systems had found ready acceptance 
for application to long circuits, there 
were many places in the toll plant 
where carrier could be used to ad- 
vantage for shorter circuits in areas 
of slow growth on open-wire lines. To 
fill this need the type p* system was 
developed. This system provided one 
two-way telephone circuit on a pair of 
wires in addition to the voice-fre- 
quency circuit already in use. Like 
the type c system, the type D em- 
ployed single-sideband transmission 
with the carrier suppressed, and used 
different frequencies for opposite di- 
rections of transmission, employing 
the lower sidebands of carriers at 10.3 
and 6.87 kilocycles. The type D sys- 
tem was well received, and was soon 
followed by the pa system employing 
a transmitting amplifier, which ex- 
tended the length of circuit to which 
the system could be applied to about 
two hundred miles. As on the type c 
system, later models were designated 
as the p2 and pa2. About 550 of 
these systems have been installed. 

The type Ef is a single-channel sys- 
tem for power lines. It transmits a 


*RecorD, Fuly, 1928, p. 353. 
tRecorD, July, 1929, 4515 June, 1932, P- 359, 
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single sideband with the carrier sup- 
pressed. With the aid of voice-fre- 
quency switching, the same frequency 
band is used for both directions of 
transmission. The carrier band may 
be placed anywhere between 50 and 
150 ke. Eleven type eE terminals 
grouped into three systems have been 
placed in service. 

Type F, or cr, was the temporary 
designation that was given to a single- 
channel system in which type c equip- 
ment was utilized. 

A pigmy carrier system, the c1*, 
has recently been developed for use on 
open-wire lines at short distances, and 
provides a single telephone channel in 
addition to the voice-frequency chan- 
nel. A novel feature of this system is 
that the carrier frequency is generated 
only at one terminal. The carrier and 
both sidebands are transmitted, and 
the same frequencies are used for both 
directions of transmission. A  fre- 
quency band between 6500 and 14,100 
cycles is required on the line. Power is 
supplied at only one terminal which is 

*Recorp, 4ug., 1936, p. 393; March, 1937, p. 210. 


referred to as the “‘active”’ 


terminal 
unit. No power is required at the 
distant terminal, which is composed of 
inert elements wail: is referred to as the 


“inert” terminal unit. 

One limitation is the overall net loss 
that can be obtained. Improvement in 
this respect may be obtained in some 
cases, however, by the use of a termi- 
nal repeater. Since the same frequen- 
cies are transmitted in each direction, 
near-end crosstalk restricts the num- 
ber of systems and in general prevents 
the use of the Gi system on the same 
line with other types of open-wire 
carrier systems. Also, since this sys- 
tem has no amplification, the net loss 
requirements often can not be met if 
the length of circuit is much over 
twenty-five to thirty miles. 

A new single-channel system, the 
HI, has about the same capabilities 
as the types p and pa. It has ap- 
proximately the same frequency allo- 
cation as the type D system, with the 
difference, however, that the same 
carrier frequency of 7.15 ke is used 
for both directions of transmission. 


TYPE OF 
SYSTEM 


FREQUENCY ALLOCATION 
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CARRIER SYSTEMS 


Line Treatment of Side- Method of Two-Way 
Designation _— Facility Channels Carrier bands Operation 

A Open Wire 4 Suppressed Single Balanced 
B Open Wire 3. Transmitted Single Equivalent 4 Wire* 
C Open Wire 3 Suppressed Single = Equivalent 4 Wire* 
D = Open Wire I Suppressed Single | Equivalent 4 Wire* 
E Power Line I Suppressed Single V. F. Switching 
F Open Wire I Suppressed Single Equivalent 4 Wire* 
G Open Wire I Transmitted Double 2 Wire 
H ~~ Open Wire I Suppressed Single Equivalent 4 Wire* 
J Open Wire 12 Suppressed Single = Equivalent 4 Wire* 
K 19 Ga. Cable 12 Suppressed Single 4 Wire 


*Transmission at different frequencies in opposite directions makes each direction of transmission inde- 


pendent of the other to a degree which 


The carrier is suppressed, and the 
lower sideband is used for transmis- 
sion in the west-to-east direction and 
the upper sideband in the east-to- 
west direction. This system employs 
many of the latest developments in 
the carrier art, and although it may be 
operated from the usual office bat- 
teries, it is also provided with a power- 
supply system such that it may be 
operated directly from the a-c mains. 
The equipment is provided on panels 
which may be mounted either on 
relay rack bays or in cabinets. The 
HI system includes a repeater as well 
as terminals, and thus may also be 
used for relatively long circuits where 
only a single channel is required. 
The type J system is the newest of 
the open-wire carrier family. Its fre- 
quency allocation is such that it may 
be operated on the same pair with a 
type c system. With a J system, a c 
system, and a voice circuit, a total of 
sixteen telephone circuits may be ob- 
tained from one pair of wires. The J 
system provides twelve two-way tele- 
phone circuits in a frequency band be- 
tween thirty-six and 142 kilocycles. 
The low group of channels is trans- 
mitted at frequencies between thirty- 
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is equivalent to four-wire operation. 


six and eighty-four kilocycles in the 
west-to-east direction and the high 
group of channels at frequencies be- 
tween ninety-two and 142 kilocycles 
in the east-to-west direction. Four 
slightly different allocations will be 
used eventually to reduce the effect of 
crosstalk, and, following the type c 
practice, different secondary letters 
will designate different allocations. 
For a number of years development 
work has been carried forward on car- 
rier systems for toll cables, of which 
substantial mileages already exist in 
the plant. This application has been 
difficult because of the extremely high 
attenuation encountered. The de- 
velopment of the feedback type of 
amplifier, however, has made pos- 
sible higher gains accompanied by the 
requisite stability and low distortion; 
and regulating arrangements have 
been developed to compensate for the 
variations in transmission over the 
frequency range, which occur as a 
result of temperature changes. Means 
have also been developed for balanc- 
ing out, the crosstalk between cable 
pairs, so that carrier can now be ap- 
plied to existing cables without ex- 
cessive crosstalk on long circuits. 
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The type kK system for cables, a 
trial installation of which has re- 
cently been placed between Toledo 
and South Bend, provides twelve 
four-wire telephone channels in the 
frequency range between twelve and 
sixty kilocycles, using non-loaded 
pairs in separate cables for opposite 
directions of transmission. A cable 
with a group shield may also be used. 
Unlike the open-wire systems, which 
were superposed on existing voice cir- 
cuits, the cable system requires that 
the voice channels be removed before 
carrier is applied. At present, the fre- 
quency space below twelve kilocycles 
on these pairs is not used except for 
d-c pilot wires and d-c testing of the 
pairs. It is expected that the type k 


system will find a large use in the 
long-haul cable plant. 

In the coaxial—or balanced shielded 
pair—system, to which as yet no al- 
phabetical definition has been given, 
two shielded transmission paths are 
provided, one for each direction of 
transmission. Frequently inserted am- 
plifiers associated with distortion- 
correcting and transmission-stabiliz- 
ing arrangements make each trans- 
mission path capable of transmitting 
unbroken frequency ranges more than 
a million cycles wide. By the applica- 
tion of suitable terminal apparatus, 
hundreds of telephone circuits may be 
obtained from a single system. These 
lines will also be suitable for the 
transmission of television signals. 


X-Ray photograph of 234 equalizer 
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Noise Measurements and the International 


Conference on Acoustics 


By HARVEY FLETCHER 
Physical Research 


EASUREMENTS of noise in 

rooms and out of doors have 

been made by the Labora- 
tories and the operating telephone 
companies for over twenty years in 
connection with telephone problems. 
For the most part these measure- 
ments have been confined to the vi- 
cinity of telephone stations and to the 
laboratory for research studies, but 
Laboratories engineers have also taken 
part in surveys made to find ways of 
eliminating unnecessary noise in New 
York City. These studies have been 
carried out either with sound-level 
meters which showed on an indicating 
instrument the magnitude of the 
sound picked up by a microphone, or 
with audiometers which measured 
how much louder a test tone must be 
to be heard in the presence of a noise 
than in its absence. 

Before noise could be measured at 
all, however, a unit had to be chosen 
in terms of which to express the physi- 
cal intensity of a sound and the loud- 
ness with which a person’s ear hears 
it. At the time the New York Survey 
was made in 1929 the decibel had al- 
ready been adopted both in this 
country and in England as the unit 
for measuring the intensity level of a 
sound above the threshold of hearing. 
Since then this unit has been used 
very extensively in this country for 
defining the intensity level of a noise. 
The values obtained by the early 
workers in the field differed, however, 
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because they chose different values for 
the threshold intensity. This diff- 
culty was solved when the American 
Standards Association took up the 
problem and obtained agreement by 
engineers and physicists in America to 
use as the reference sound intensity a 
value of 10 '* watts per square centi- 
meter and as the reference pressure 
0.0002 dyne per square centimeter. 
This made it possible to express ac- 
curately the physical intensity of any 
type of sound in decibels above the 
recognized standard reference level. 
This intensity, however, does not cor- 
respond to the loudness of the sound 
as heard by the ear. 

To obtain a quantitative measure 
of the loudness of a sound as distin- 
guished from its physical intensity 
the Laboratories proposed in 1927 
that the loudness be defined as nu- 
merically equal to the intensity in 
decibels above 10 '* watts per square 
centimeter of a 1000-cycle pure tone, 
which sounded equally loud. The in- 
tensity level of the 1000-cycle refer- 
ence tone was defined as the loudness 
level of this tone, and any other sound 
which is judged by listeners to be 
equally loud is said to have an equal 
value of loudness level. 

Other laboratories saw the advan- 
tages of this scale and began to use it. 
In 1932 it was adopted by a com- 
mittee of the American Standards As- 
sociation as a tentative American 
standard. Several countries in Europe 
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also used a reference tone to measure 
loudness, but in some instances they 
chose one having a frequency of 800 
cycles per second and in most cases 
they selected a zero which differed 
from that adopted by the American 
Standards Association. In Germany 
and in some of the smaller countries 
the word “phon” was used instead of 
decibel for designating units on the 
loudness level scale. They also chose a 
reference level about four decibels 
higher than that of the American 
standard. Great Britain joined them 
in using the word “phon,” but chose 
as the reference pressure 0.0002 dyne 
per square centimeter. 

It was principally because of these 
differences that an acoustical con- 
ference on standardization of noise 
measurements was called in Paris in 
July of last year. Although originally 
called under the auspices of the Inter- 
national Electrotechnical Commis- 
sion, it was decided later that the con- 
ference belonged more logically under 
the sponsorship of the International 
Standards Association. Under this or- 
ganization, members of the Interna- 
tional Electrotechnical Commission, 
however, assumed the responsibility 
for one of the most important com- 
mittees, namely, that in charge of 
units and methods of noise measure- 
ment (including noise meters). 

The meetings were held at the head- 
quarters of the Association Frangaise 
de Normalisation and were attended 
by about forty delegates from four- 
teen different countries. At the close of 
the conference, which lasted a week, a 
luncheon was given at the Maison X, 
one of the distinctive old cafés of 
Paris. Through the committee on 
noise measurements, of which the 
author was chairman, it was possible 
to bring about agreement concerning 
the fundamental standards for noise 
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measurement and the following inter. 
national standards were adopted. 
The reference sound and the scale 
for sound level measurement are char. 
acterized as follows: (1) the reference 
sound is to be produced by a plane, 
sinusoidal, traveling wave with a fre. 
quency of 1000 cycles per second; 
(2) the reference zero shall correspond 
in round numbers either to an intensity 
of 10 "6 watts per square centimeter or 
to an acoustical pressure of 2 x 1074 
baryes (dynes per square centimeter); 
(3) in each case the intensity scale or 
the pressure scale is to be graduated in 
decibels with respect to reference zero. 
The unit to be used for intensity 
level measurements is the decibel, but 
the unit to be used for the equivalent 
loudness level measurements is the 
phon. Loudness measurements are to 
be made by listening to the reference 
sound and the sound to be measured 
alternately with both ears, while the 
intensity of the reference sound is 
regulated until an ordinary observer 
considers that it has the same loud- 
ness as the measured sound. When- 
ever possible the reference sound and 
the one measured should be listened to 
for practically the same length of 
time. This period should never be 
shorter than one second when listen- 
ing to the reference sound. When, 
under these conditions, the intensity 
level, or the pressure level, of the 
reference sound (the pressure being 
that of the free wave before the 
operator’s head is in the acoustical 
field) is ‘‘n’’ decibels above the refer- 
ence zero, it is said that the sound 
measured has a loudness level of 
phons. Primary loudness measure- 


ments are made in a very dead room 
or outdoors where there is no reflected 
sound. The intensity of the reference 
tone, which is generally produced by 
an oscillator and loud speaker, 1s 
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usually measured with a calibrated 
condenser microphone. 

This committee appointed a sub- 
commission to report on the possi- 
bility of reaching an agreement about 
specifications for sound-level meters. 
The subcommission reported that 
such an agreement could not be made 
now; but a number of the representa- 
tives undertook to send available ma- 
terial concerning the construction of 
sound-level meters which are now being 
used and the data obtained with them. 

The International Standards Asso- 
ciation broadened its scope to include 


four other subcommittees besides the 
one on units and methods of measure- 
ment. These dealt with an interna- 
tional vocabulary on acoustics; elec- 
troacoustics and musical acoustics; 
architectural acoustics; and noise 
abatement, vibration, and medical 
acoustics. The first-named committee 
brought in a report which will prob- 
ably be adopted internationally. It 
deals with a set of definitions of 
acoustical terms. The other commit- 
tees are just beginning active work 
with the hope that further agreement 
in standards can be obtained. 


Western Electric radio-telephone installation on the S.S. Washington 
of the United States Lines 
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Contributors to This Issue 


Since Harvey Fletcher came to the 
Laboratories in 1916 he has been identi- 
fied with many important investigations 
which have made him one of the fore- 
most authorities in the field of speech and 
hearing. As Acoustical Research Director 
he was in charge, for a number of years, 
of groups working on fundamental prob- 
lems relating to sound, including aids to 
the hard-of-hearing. Dr. Fletcher is now 
Physical Research Director and in this 
capacity has charge of research work in 
acoustics, electronics, magnetism and 
vibrating systems. He graduated from 
Brigham Young University in 1907 and 
received the Ph.D. degree from the Uni- 
versity of Chicago in IgII. 

M. M. Bower received the B.S. degree 
in electrical engineering from the Cali- 
fornia Institute of Technology in 1927. 
After two years with Westinghouse, he 
joined the staff of M. I. T. as a research 
assistant. The following year he received 
the M.S. degree from M. I. T., and then 
joined the Department of Development 
and Research of the A. T. and T. Com- 
pany to engage in the development and 
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field testing of carrier telephone systems 
for open wire and cables. He has continued 
this work since the consolidation of D. & 
R. with the Laboratories in 1934. 
AFTER RECEIVING an A.B. degree from 
Colorado College in 1914, M. E. Strieby 
studied at Columbia and at Massachusetts 
Institute. In 1916 he received the B.S. 
degree in Electrical Engineering from 
M. I. T. and Harvard, and at once joined 
the Engineering Department of the New 
York Telephone Company. He served as 
Captain with the Signal Corps overseas 
until 1919, when he joined the D. and R. 
Department of the American Telephone 
and Telegraph Company. Here he en- 
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gaged in various phases of toll trans- 
mission work. In 1929 he transferred to 
the Laboratories where he has engaged in 
studies of new high-frequency carrier ap- 
paratus and technique, and their appli- 
cation in particular to the development 
of coaxial systems. 

J. E. Corsin received the degree of 
B.S. in Electrical Engineering from Penn- 
sylvania State College in 1930 and im- 
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M. E. Strieby 


mediately joined the technical staff of the 
Laboratories. Here as a member of the 
radio development group he has engaged 
in the design of radio-frequency distribu- 
tion systems, and of radio receivers 
for broadcasting stations and aircraft. 

J. F. Wentz was graduated from Le- 
high University in 1917 with an E.E. 
degree. He then served as first lieutenant 
in the 35th Infantry before coming to the 
Western Electric engineering department 
in 1919. Here he worked for two years on 
high tension fuses and protectors, and 
then transferred to the research depart- 
ment. During 1921-1922 he did part-time 
graduate work at Columbia, receiving an 
A.B. degree in Physics in 1923. During 
the development of loaded submarine 
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cables Mr. Wentz worked on cable de- 
sign and permalloy loading technique. 
From 1931 to the present time he has had 
charge of development of coaxial struc- 
tures, and transmission tests on the New 
York-Philadelphia coaxial installation. 

Lewis R. Lowry received the B.S. de- 
gree in Electrical Engineering from the 
University of Washington in 1927, and 
joined the Laboratories the same year. 
During college vacation periods he had 
worked with the Pacific Telephone and 
Telegraph Company, in machine-switch- 
ing central-office maintenance and elec- 
trolysis surveys. In the Laboratories he 
has been engaged in the design, erection, 
and testing of short-wave directive an- 
tenna systems. 
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